Abstract. This paper develops an online risk-based security assessment. It is derived from a fast security-constrained optimal power flow based on multiparametric program. A dynamic critical region exploration algorithm is used to speed up the calculation. Then in order to deal with the less restrictive events, which have no influence on the decision but do contribute risk to the security operating condition, Conditional Value-at-Risk (CVaR) based security index has been proposed.
Introduction
Power system operation is basically a decision making process that meets power demand in an economic way, at the same time, the most important thing is to maintain system security [1] . The power system has shifted from a regulated system to a competitive and uncertain market environment. Nowadays, as there are more and more wind and solar power injections, the system operators may face huge challenges for protection of the system security in an uncertainty environment. The violation of the renewables, the time-varying thermal ramping limits and extreme weather event led engineers to face more pressure to operate with lower security margins.
The security-constrained optimal power flow (SCOPF) is widely used to find the optimal economic dispatch even if any single contingency occurs. The traditional SCOPF is a deterministic method that cannot handle the system uncertainties. Hence the Monte Carlo (MC) simulation are usually used to generate high-dimensional random variables, describing the characteristic of the system uncertainty, to implement the SCOPF time by time, which cannot be used for the online calculation. Hence how to reduce the computational burden to satisfy the requirement for online analysis is difficult for the engineers.
Risk is the potential of gaining or losing something of value [2] . For traditional power system security assessment, the non-limiting events are ignored [3] . In other words, Even the less restrictive events have no influence on the decision, they do contribute risk to the operating condition when consider the acceptability. The optimal solution of the SCOPF are made that address only the effects of the contingencies that are constraining the system.
In our paper, we firstly introduce a fast probabilistic SCOPF algorithm via multiparametric program; then a risk-based security index is proposed to consider the tail risk of the real power flow security loss; finally the proposed concept and method are illustrated on IEEE 118-bus system.
Online Fast SCOPF Algorithm via Multiparametric Program

Multiparametric Program
Multiparametric program is one kind of typical program depends on a vector of parameters. The characterization of the solution is found for a full range of parameter values, where the parameter variations in mathematical programs can be considered. It attract our attention for the application of dealing with the optimal power flow problems in an uncertain environment. The operations researchers are interested in solving two kind of multiparametric programs, which are called parametric right-hand side linear/ quadratic programming respectively.
The parametric right-hand side linear programming problem is formulated as follows: For a given
The set  named critical region, which has the geometric characteristic that the boundary of the polyhedral are related to the active constraints. By the way, all parameters d , the constraints indexed by subscript a are active at the optimum of problem (1). The related optimal solutions are at the vertex of the polyhedral  .
The conclusion of multiparametric linear program are drawn based on the conception of critical region. Assume that there is no degeneracy, the critical region  and corresponding optimal value have the following relationships [6] :
 The optimizer, optimal value are piecewise linear functions of parameters d   respectively;  The Lagrangian multiplier is an unique vector within given  . For a multiparametric quadratic program, we could obtain the similar conclusion, which we do not mention in this paper.
Formulation of SCOPF
The general DC SCOPF could be formulated as follows:
The expected contingency set 
Online Fast SCOPF Algorithm
In large-scale power system, the partition of all the critical regions for the domain of the uncertainty parameters is difficult to satisfy the online calculation requirement, for the huge computational burden. The main uncertain factors in power system are load/ renewable generators, whose forecast error is usually assumed to follow a Gaussian/ mixture distribution in the literature [7] [8] [9] . Depends on the Monte Carlo simulation technique, the generated sample sets, high-dimensional uncertainty power injections located at different buses, are concentrated as a cluster according to the character of the forecast error distributions. We provide a fast SCOPF algorithm based on dynamic critical region exploration for the online simulation and forecast [6] . Based on the very short-term load/ renewable generator output probabilistic forecast, we only focus on the particular critical regions the parameters belongs to, instead of partition the whole space. Once the critical region has been explored, the related parameters and indices of the active constraints will be remembered as a factor of the structure for checking. As if the other parameter vectors located in the same critical region, the optimal solutions will be obtained directly instead of solving the DC SCOPF repeatedly.
CVaR-Based Risk Security Assessment
Based on the optimal solution of the DC SCOPF, the probabilistic forecast of locational marginal price (LMP) will be calculated directly [10] . It is a useful tool for both market participants/ system operators for developing bidding strategy, congestion management and so on. However, the distribution of LMP remains constantly at the location where there has no contribution to the congestion. We cannot quantify the security level for the critical transmission sections as if the system operates close to their capacity limits but do have no influence to the decision. Furthermore, once the contingency situation occurs, how dangerous the system is necessary to be measured.
We proposed a CVaR-based risk security index to measure the system locational/ overall security level. Firstly, we define a relative real power flow margin index i M for transmission line i :
where max_ i P is the capacity limit of real power for line i ; i P is the actual real power for line i . i M has the range of   0,1 , where the small the index i M is, the dangerous the line is. As i P is obtained while solve the DC SCOPF using MC simulation, the probability distribution function of i M is also obtained simultaneously. For a given security confidence level  ,
CVaR   can be defined as:
where
is the level 1- quantile of the loss distribution, Figure 1 illustrates the probability distribution function of i M . While VaR is non-convex, non-smooth, and has local minima [11] , the coherent risk measure CVaR is an attractive choice. Furthermore, the whole procedure of our risk-based online security assessment is shown in Figure 2 . 
Results and Discussion
We use the IEEE 118-bus system with transmission line limits given in [3] . We assume that 3 wind turbines are located at bus 15, 54 and 96 with 20% penetration. All wind turbines are assumed to be Gaussian distribution with maximum capacity of 100 MW. The results reported here are tested using Matlab R2010a and CPLEX 12.1, on a 3.16 GHz Inter Core 2 CPU and 4 Gb RAM PC.
The computational cost for individual DC SCOPF is 0.4 s. The number of critical region calculation is shown in Figure 4 for MC 5000 times, compared with the benchmark of direct MC simulation. The CVaR-based margin indices i M using method 1: fast critical region exploration/ method 2: direct MC for top 5 lines are compared in Table 1 . We could draw the conclusion that the highest relative error between the two method is 0.236%. The proposed CVaR-based security assessment is not only fast but also accurate. Based on the results of i M , the further preventive control for post-contingency will be implemented. Figure 3 . The number of critical region exploration for MC 5000 times.
Summary
In operation of today's electricity power system, the on-line security of the operation is still the most significant issue, especially in an uncertain environment. In this paper, we firstly introduce a SCOPF considering the post-contingency. Then, a fast online probabilistic SCOPF algorithm is provided to speed up the calculation based on a dynamic critical region exploration mechanism. Finally we propose a risk-based security margin index based on CVaR to describe the tail character of the real power access to congestion. This risk-based security assessment could be further applied to preventive control and risk management.
